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ABSTRACT

The balance between the secretion of aqueous humor by the ciliary body and its drainage through 2 independent
pathways, the trabecular meshwork and the uveoscleral outflow pathway; and this will determine the intraocular
pressure, which is considered the determining factor for glaucoma. Glaucoma is an entity of great clinical importance,
being the second cause of blindness worldwide. There are different explanations for the pathophysiology of the
disease, as well as immunological and vascular factors that lead to an increase in intraocular pressure, causing all
these factors to trigger the development of glaucoma. Pseudoexfoliation syndrome can be defined as a systemic
pathology that is generated by the deposition of extracellular fibrillar material in different tissues, and which,
depending on the affected person, can cause different subsequent entities. Glaucoma progression and its sequelae may
be more related to higher intraocular pressures than to other mechanisms. Various studies relate oxidative stress to
glaucomatous progression. As the composition of the material causing pseudoexfoliation is further studied, its
influence on the eye can be better understood.
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INTRODUCTION

Under physiological conditions, the aqueous humor is
generated at the level of the choroid plexuses of the
ciliary body- these are prolongations of the ciliary bodies
that synthesize and secrete aqueous humor-, by the
irrigation of the choroid vessels. From here the water
wave slides through the posterior chamber between the
anterior face of the lens and the posterior face of the iris,
and passing through the pupil, fills the anterior chamber.
To go to the chamber angle and be eliminated through it,

through 3 structures the trabecular tissue, which is a mesh
through which the aqueous humor accesses Schlemm's
canal, which is the second, and finally reaches the
aqueous veins, the third, to finally be eliminated by the
general circulation. As can be seen, this mechanism
develops at the level of the anterior segment of the eye,
precisely in the chamber angle or sinus.*®

The balance between the secretion of aqueous humor by
the ciliary body and its drainage through 2 independent
pathways, the trabecular meshwork and the uveoscleral
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outflow pathway; and this will determine the intraocular
pressure, which is considered the determining factor for
glaucoma.t?

Glaucoma represents an irreversible degenerative optic
neuropathy characterized by progressive degeneration of
retinal ganglion cells and the retinal nerve fiber layer,
leading to corresponding visual field defects. Although
the major risk factor, and the only modifiable risk factor,
for disease onset and progression is elevated intraocular
pressure, the pathogenesis of the disease is multifactorial
and not well understood.®13

Glaucoma is the second common cause of blindness and
4.5 million people currently suffer from it with
projections of 11 million affected by 2020, the World
Health Organization (WHO) said today.**

It is estimated that 66.8 million people worldwide have
glaucoma, and 6.7 million have bilateral blindness (207).
In countries where there is an official registry of
blindness, glaucoma represents from 6.7% to 21% of
blindness. Without treatment, it can cause blindness in
5% of those affected.'®

It was calculated in 2017 that by the year 2020 there
could be 79.6 million people affected by glaucoma (74%
with open-angle glaucoma), with bilateral blindness in
5.9 million people with open-angle glaucoma and 5.3
million people with glaucoma of closed angle. A figure
that will increase to 111.8 million in 2040
approximately.®

There are different types of glaucoma, but the two main
ones are “open angle” and ‘“closed angle”. The
pathophysiology of glaucomatous damage continues to be
the subject of research, although some theories have been
described that could explain these entities.101¢

In this text, glaucomas will be classified according to
their etiology:

Depending on the cause, glaucomas can be classified as
primary, secondary and congenital. The primary ones are
not associated with ocular or systemic diseases that cause
resistance of the aqueous humor drainage system or angle
closure; On the other hand, secondary glaucomas are
associated with eye and genetic diseases that prevent
adequate drainage of aqueous humor. Primary glaucomas
usually affect both eyes, while secondary ones usually
affect only one. In congenital glaucomas, the drainage
pathways of the aqueous humor suffered a defective
development during pregnancy.t’18

In 1996, the American Academy of Ophthalmology first
discussed the definition of open-angle glaucoma
excluding both visual field defects and intraocular
pressure; and instead considered the characteristic
glaucomatous change in optic nerve or nerve fiber defects

to be sufficient for its definition. Primary open angle
glaucoma is the most common cause of glaucoma.'?*°

Angle-closure glaucoma is caused by blockage of the
ocular drainage, that is, the trabecular meshwork is
unable to flow towards Schlemm's canal; occurs when the
angle of the anterior chamber is occluded by the iris,
which consequently increases intraocular pressure. It may
be the result of several factors, including a relatively
thicker and more anteriorly positioned lens, a thicker
anteriorly displaced and more anteriorly inserted iris and
anteriorly positioned ciliary body and its processes, and
the degree of pupillary block.”12:16:20

Pseudoexfoliation syndrome can be defined as a systemic
pathology that is generated by the deposition of
extracellular fibrillar material in different tissues, and
which, depending on the affected person, can cause
different subsequent entities.?23

In the case of ophthalmology, pseudoexfoliation
syndrome is an age-related ocular disorder characterized
by extracellular fibrillar deposition on various ocular
tissues. Deposits are commonly seen in the anterior
segment, particularly on the lens surface and pillar rim.
Histologically, the components of the exfoliative material
have been found to be various basement membranes (eg,
laminin, nidogen, and fibronectin), elastic fiber system
(eg, fibrillin-1, elastin, and growth factor-binding
proteins latent transformant) and enzymatically active
components (eg, metalloproteinases, extracellular
aggregates, and lysyl oxidase-like cross-linking
enzyme.?t-%6

It should be noted that pseudoexfoliation syndrome and
exfoliative syndrome are two different names to refer to
the same clinical entity. Pseudoexfoliative glaucoma and
exfoliative glaucoma are also synonymous.?-2¢

The relationship between the development of glaucoma
and the presence of the pseudoexfoliative syndrome had
not been previously clarified, until the development of
new diagnostic techniques, the roles of said syndrome in
the pathophysiology were established, as well as the roles
that the cellular components in the flow of aqueous
humor and how all these events can lead to irreversible
damage of this pathology.?>%

THE RELATIONSHIP BETWEEN
PSEUDOEXFOLIATION SYNDROME AND
OPEN-ANGLE GLAUCOMA

Open-angle glaucoma: In patients with open-angle
glaucoma, it is commonly recognized as the existence of
greater resistance to the outflow of aqueous humor
through the trabecular meshwork, although, as mentioned
above, it is also accepted as glaucoma. open angle even
when only optic nerve or nerve fiber defects are found.
The problem, in the case of outflow resistance, is
generated at the level of the trabeculum, whose porosity
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is decreased, or beyond, in Schlemm's canal or the
aqueous veins, with fluid retention and consequent
increase in intraocular pressure, which on average
increases between 30 to 45 mmHg.?"%

The lamina is the weakest point of the eye wall under
constant pressure. Intraocular pressure-induced stress and
strain can lead to compression, deformation, and
remodeling of the cribriform plate followed by
mechanical axonal damage and disruption of axonal
transport, which interrupts retrograde delivery of
essential trophic factors to retinal ganglion cells from its
target of the brainstem (relay neurons of the lateral
geniculate nucleus).?-%0

Pseudoexfoliation syndrome is the most common
determinable cause of open-angle glaucoma. The choroid
is a vascular tissue that nourishes the optic nerve head
and the outer layer of the retina. In addition to eye
nutrition, it has important functions including volume and
temperature regulation. Among glaucoma patients with
similar glaucomatous damage, those with PEX material
had thinner choroids compared with those without
evidence of PEX material. In addition, various findings
indicate that subfoveal choroidal thickness is reduced in
glaucoma cases with the presence of such material,
however, there was no correlation between choroidal
thickness and glaucoma damage. The fact that choroidal
thickness does not change in primary open-angle
glaucoma, but decreases in pseudoexfoliative glaucoma,
may be attributed to hemodynamic changes resulting
from the effect of exfoliative material on vascular
structures.?33%-34

THE RELATIONSHIP BETWEEN
PSEUDOEXFOLIATION SYNDROME AND
ANGLE-CLOSURE GLAUCOMA

Angle-closure glaucoma: The distinguishing feature of
primary angle-closure glaucoma with respect to primary
open-angle glaucoma is that the site of outflow of
aqueous humor in the eye is obstructed by the apposition
of the iris, a fact that results in a angular sharpening, i.e.
an anatomically closed one (by definition at least 270° of
the angle is occluded). The structures described at the
level of the chamber angle may be normal, but the root of
the iris is attached to the posterior face of the cornea,
causing a narrowing to a greater or lesser extent. This
folding of the root of the iris to the posterior corneal face
can be explained by different disorders, such as a laxity
of the irradiated tissue, vascular disorders, etc. The
intraocular pressure increases in this case on average
between 45 to 60 mmHg, this being the result of a
mechanical occlusion.?835%

The angle can often be narrow or occluded in cases of
pseudoexfoliation syndrome. The prevalence of
occludeable angles varies by study, but in some studies
the occurrence of angle closure was found to be 2.2%.%74

The development of closed angle closure in one patient
was attributed to an increase in irido-lenticular adhesions
secondary to the presence of material typical of the same
syndrome. Evidence of pupillary block was found,
therefore gonioscopy has been routinely recommended in
individuals with this syndrome to monitor the angle and
consider timely treatment. 384

Once the pathophysiological mechanisms of both types of
glaucoma are understood, it is possible to establish a
relationship ~ between these  entities and the
pseudoexfoliative syndrome, since a vicious circle is
generated due to vascular and mechanical factors that
generate cell damage and the accumulation of toxic
metabolites due to the inflammation in an originally
privileged site, immunologically speaking, thus, apoptotic
pathways due to cell damage and necrosis are added.
Following this line of ideas, some points of the
pathophysiology of the pseudoexfoliative syndrome
could be considered true.*?

With the above, the existence of vascular and mechanical
factors that lead to neuronal death, caused, at least in part,
by a process of apoptosis, is defended. However, it seems
that other additional necrosis processes can also coexist,
such as accumulation of extracellular material, this is
known as pseudoexfoliative syndrome.?

Pseudoexfoliation syndrome is defined as a systemic
disorder resulting from the progressive accumulation of
extracellular material on various tissues. This usually
determines an increase in intraocular pressure, changes in
the anatomical aspects of the optic nerve and alterations
in the visual field that lead to the diagnosis of
pseudoexfoliative glaucoma. In the absence of
abnormalities, the creation of energy that occurs in the
mitochondria causes electrons to migrate in pairs from
one energy level to another.?®

Pseudoexfoliation syndrome is an age-related systemic
microfibrilopathy ~ caused by the  progressive
accumulation and gradual deposition of gray and white
extracellular material on various tissues.*?

The presence of pseudoexfoliation syndrome associated
with elevated levels of intraocular pressure, related
alterations in the computerized perimeter examination,
and/or changes in the anatomical aspects of the optic
nerve determines the diagnosis of pseudoexfoliative
glaucoma. In fact, pseudoexfoliative syndrome is
considered one of the most common causes of
glaucoma.*?

In the case of alteration of the vascular situation, with the
appearance of repercussion phenomena, the electrons
only migrate one by one, not in pairs. This results in the
creation of free oxygen radicals that remain free in the
mitochondria. This explains the high concentrations of
glutamate found in glaucomatous eyes, since free radicals
prevent their reabsorption in the synaptic space, which is
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normally produced by the presynaptic cell, where it is
stored. Under normal physiological conditions, the
bipolar cell releases glutamate as a neurotransmitter
destined to stimulate the ganglion cell, where it is
converted to glutamine, %

As free oxygen radicals are produced, glutamate titers in
the synaptic cleft increase and the ganglion cell is
stimulated too long and too intensely. This causes
intracellular calcium concentrations to be very high. A
massive entry of sodium into the cell leads to the sodium-
calcium pump being reversed, so that this substance
cannot leave the cell and the production of nitric oxide is
extreme.?®

Nitric oxide is a gaseous free radical, with an important
vasodilator and neuroprotective function under normal
conditions. However, in case of reperfusion its values are
extremely high. It is converted to a superoxide which
leads to the formation of peroxynitrite, which is very
detrimental to the ganglion cell and glia, leading to
neuronal degeneration.®?

This theory would explain diffuse damage to the ganglion
cells, but in reality the lesion is characterized by sectoral
lesions of the fibers at their entry into the optic nerve.
Therefore, the neuronal suffering described must be
accompanied by a more selective axonal damage that
occurs in the cribriform plate, probably due to a
mechanical blockade of axonal transport caused by
intraocular pressure that would alter the microtubules, or
due to a reduction in the vascular supply. with a decrease
in the energy input necessary for the maintenance of
transport systems.?®

There has been much speculation that the thicker fibers of
the optic nerve (magnocellular system) are affected
earlier than the thinner ones (parvocellular system).
However, this fact may simply be due to the fact that the
papillary areas that are initially affected correspond to
peripheral regions, where fibers with a larger diameter
abound, while the papillomacular bundle, made up of
central parvocellular fibers responsible for visual acuity,
is affects late. Recent studies have not been able to
demonstrate a selective affectation of these systems or of
the cell conium "in charge of blue vision™ in experimental
glaucomas in monkeys 6, so that it may simply be an
erroneous conclusion conditioned by the topography of
the defects.?®

There is evidence that immune mechanisms play some
role in glaucoma-induced damage. Antibodies to heat
proteins and autoantibodies are present in higher
concentrations in glaucoma patients compared to those
without. Heat proteins have been shown to have a
protective effect against cellular stress and are present in
high concentrations. concentrations in early glaucoma.
Antibody inhibition by injection of anti-T cell antibodies
or by COP 1 vaccination slows or stops ganglion cell
apoptosis in experimental glaucoma. COP-1 is a synthetic

copolymer made up of the amino acids Ala, Lys, Glu and
Tyr, which is used as an immunosuppressive drug, it can
induce a response mediated by passive or active T cells
which is neuroprotective.®® It can also cause what is
known as pseudoexfoliation syndrome, which is a
common age-related pathology characterized by the
progressive production and accumulation of extracellular
fibrillar material in different tissues, and is frequently
associated with chronic severe open-angle glaucoma and
waterfall. Pseudoexfoliation syndrome affects 30% of
people over 60 years of age with a worldwide distribution
and is diagnosed by biomicroscopy when abnormal
fibrillar deposits are seen in ocular structures of the
anterior segment. Pseudoexfoliation syndrome has been
recognized for at least 90 years as a cause of glaucoma,
associated with characteristic changes of the anterior
surface of the lens capsule. Characteristic alterations of
ocular tissues predispose to many intraocular
complications including phacodonesis, lens subluxation,
angle-closure glaucoma, pigment dispersion, poor
mydriasis, blood-aqueous barrier dysfunction, posterior
synechiae, and corneal decompensation.4243

These alterations also explain the wide range of
complications that occur in association with intraocular
surgery in patients with pseudoexfoliation syndrome,
including zonular dehiscence, vitreous loss with posterior
capsule rupture, iris hemorrhage, corneal endothelial
decompensation, postoperative inflammation, peaks of
ocular hypertension, secondary cataract and dislocation
of intraocular implants.*344

In summary, it could be roughly described, the
pathophysiology of the pseudoexfoliation syndrome is
associated with excessive production of micro elastic
fibrillin components, enzymatic processes,
overexpression of TGF-B1, a proteolytic imbalance
between MMPs and TIMPs, inflammatory process,
increased oxidative and cellular stress as well as an
insufficient cellular response to stress, which is reflected
in poor regulation of antioxidative enzymes. The exact
chemical composition of the pseudoexfoliation material is
still unknown. However, the pathological process is
characterized by the chronic accumulation of an abnormal
fibrillar matrix product, which is also the result of
excessive production or insufficient elimination, making
it pathognomonic.*3-5°

CONCLUSION

Glaucoma is a pathology that is constantly increasing and
of important clinical relevance due to the irreversible
blindness that it can cause. The early identification as
well as the understanding of the pathophysiology of this
entity should be the work of health personnel. The
pathophysiological process that takes place is a series of
events that end up triggering a dysfunction of the
epithelium and structures, causing intraocular pressure to
increase and causing corneal damage. Corneal damage
associated with pseudoexfoliation is probably of
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multifactorial aetiology. There are several theories as to
why this endotheliopathy develops, including penetration
of pseudoexfoliation material into Descemet's membrane
breaking hexagonal connections and endothelial layer
signaling and promoting apoptosis, hypoxia to the
anterior chamber with increased antioxidant stress and
reduced of ascorbic acid. Glaucoma progression and its
sequelae may be more related to higher intraocular
pressures than to other mechanisms. Various studies
relate oxidative stress to glaucomatous progression. As
the composition of the material causing pseudoexfoliation
is further studied, its influence on the eye can be better
understood. It would be interesting to evaluate its role in
glaucomatous optic neuropathy in patients with
pseudoexfoliation syndrome.
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